The reactivity of the metalloligand Pt2(μ-S)2(PPh3)4 with the boron-functionalized alkylating agents BrCH2(C6H4)B(OR)2 (R = H or CMe2) was investigated by electrospray ionization mass spectrometry (ESI-MS) in real time using the pressurized sample infusion (PSI). The macroscopic reaction of Pt2(μ-S)2(PPh3)4 with one mole equivalent of alkylating agents BrCH2(C6H4)B{OC(CH3)2}2 and BrCH2(C6H4)B(OH)2 gave the dinuclear monocationic µ-sulfide thiolate complexes [Pt2(µ-S){µ-SCH2(C6H4)B{OC(CH3)2}2} (PPh3) 
Introduction
The applied coordination chemistry of the neutral dinuclear platinum metalloligand, Pt2(µ-S)2(PPh3)4 1 has continued to attract considerable interest due to its catalytic potential 1 and as a precursor for the synthesis of organosulfur compounds. 2 The bridging sulfides are electron-rich and the reactivity towards metal fragments has been exploited in the synthesis of multimetallic aggregates. [3] [4] [5] [6] [7] [8] [9] [10] [11] Alkylation reactions of 1 with mild electrophiles was realised in the early preliminary studies. [12] [13] [14] [15] Recently, the rudimentary reactivity of 1 with simple mild alkylating agents 13 has been extended to functionalized alkylating agents (electrophiles). 16, 17 The alkylation of 1 provides a facile route for the generation of functionalized thiolate ligands . 21 An electrospray ionization mass spectrometry (ESI-MS) based screening of the reactions of 1 with a variety of alkylating agents indicates the possibility of generating dinuclear platinum complexes containing a range of thiolate ligands. 16 This methodology has been used to generate coordinated functionalized thiolate ligands (-SR) on 1. 17 Notably, any desired functionality can be incorporated into 1 through a suitable electrophile.
The ability to incorporate any functional group into 1 means that the chemical application of the generated thiolate complex, [Pt2(µ-S)(µ-SR)(PPh3)4] + can be streamlined. In synthetic chemistry, coordinated sulfide ligands should be a facile precursor to thiolate complexes but this is yet to be fully recognized and utilized for its importance. 22 Alkylated derivatives of 1 have the potential to act as cationic metalloligands. Derivatives [Pt2(μ-S)(μ-SR)(PPh3)4] + (R = n-Bu or CH2Ph) are able to coordinate organo-mercury (RHg + ) and phosphine-gold(I) (Ph3PAu + ) cations through the underivatised sulfide ligand. 23 Interests in incorporating boron derivatives into 1 are drawn from the perspective that the resulting complex can be further derivatised with coordinated metallic centers or suitable organic moieties. Boronic acid have been used in the synthesis of bi-and polyaryl compounds via the Suzuki-Miyaura coupling reactions. [24] [25] [26] [27] [28] An incorporated boronic group on 1 could be used as a synthetic precursor to generating multinuclear metallic species through a Suzuki-Miyaura reaction. To date, no derivatives of 1 containing boron or any metalloid functionalized thiolate ligands have been synthesized using sulfide alkylation. We present in this report the first synthesis and characterization of boronic acid derivatives of 1. The isolation and crystallographic identification of the dinuclear structures incorporating boron thiolate substituents suggests that useful synthetic precursor groups can be incorporated into 1, and in particular open up avenues for preparing larger multinuclear assemblies on the nanometer scale.
Results and Discussion
The products, rates of product formation, reaction completion time, and the rate of consumption of the starting materials was monitored utilizing the Pressurized Sample Infusion
Electrospray Ionization Mass Spectrometry (PSI-ESI-MS) technique. 29, 30 The reaction mixture is prepared in a Schlenk flask into which a length of PEEK tubing attached to the source of the mass spectrometer is inserted. An overpressure of 2 -4 psi is applied displacing the reacting solution into the MS. This allows for real-time observation of all charged species and how they behave over the course of the reaction, [31] [32] [33] [34] and providing a better understanding of mechanism and optimization of synthetic protocols. For this report speciation and dynamic behavior in the reaction of 1 with 4-(bromomethyl)phenylboronic acid pinacol ester, BrCH2(C6H4)B{OC(CH3)2}2, 2 was monitored.
The alkylation reaction of BrCH2(C6H4)B{OC(CH3)2}2 2 with 1 was determined to be second order (Figure 1) , consistent with the expected SN2 mechanism for an alkylation reaction. 
Syntheses and spectroscopic characterization
Halogeno-boronic acid compounds containing inactivated bromoalkyl (BrCH2-) groups were selected for the synthesis due to the better leaving ability of bromide than chloride and their lesser tendency to form dialkylated species. bis(triphenylphosphoranylidnene)ammonium, which is the internal standard ( Figure 2 ). The masses were identified by comparing the experimental isotope patterns with calculated ones. 37 No peak was observed in the mass spectrum that was attributable to the formation of the Table 5 . The structural parameters are comparable across the series of compounds.
Experimental

Materials and Instrumentation
The alkylating agents BrCH2(C6H4)B(OH)2, BrCH2(C6H4)B{OC(CH3)2}2 (CAUTION! Highly toxic, potent lachrymator and vesicant and should be handled using appropriate safety precautions) and PtCl2(PPh3)2, Na2S·9H2O and NH4PF6 were supplied by Sigma-Aldrich. 
Synthesis of [Pt2(µ-S){µ-CH2(C6H4)B{OC(CH3)2}2}(PPh3)4](PF6), 2a·(PF6)
To an orange suspension of 1 (50 mg, 0.033 mmol) in methanol (25 mL) was added an excess of BrCH2(C6H4)B{OC(CH3)2}2 ( 
Synthesis of Pt2(µ-S){µ-S + CH2(C6H4)B(OH)(O -)}(PPh3)4, 3a
To a suspension of 1 (50 mg, 0.033 mmol) in methanol (25 mL) was added an excess of BrCH2CH2(C6H4)B(OH)2 (7.9 mg, 0.037 mmol, 1.1 mole equiv.) and the solution stirred for 
X-ray structure determinations of 2a·(PF6) and 3a
An appropriately sized crystal of 2a·(PF6) or 3a was selected from a bulk sample under Paratone-N oil and mounted on a MiTeGen loop. The loop was transferred to a Bruker APEX-II diffractometer equipped with a CCD area detector under a cold gaseous nitrogen stream. An arbitrary sphere of data was recorded, using Mo-Kα radiation (λ 0.71073 Å) and a combination of ω-and φ-scans of 0.5°4 1 . Data were corrected for absorption and polarization effects and analyzed for space group determination. 42 The structures were solved by intrinsic phasing methods and expanded routinely 43 . The models were refined by full-matrix least-squares analysis of F 2 against all reflections. All non-hydrogen atoms were refined with anisotropic atomic displacement parameters. Unless otherwise noted, hydrogen atoms were included in calculated positions. Atomic displacement parameters for the hydrogens were tied to the Ueq parameter of the atom to which they are bonded (1.5 × for methyl, 1.2 × for all others).
Crystallographic data are summarized in Tables 3 and 4 . Table 1 ). One of the three independent dichloromethane molecules located within the asymmetric unit is disordered.
Two sites were observed for this molecule. Refinement of the occupancy of the two sites yielded an effective 50:50 occupancy. In the final model, the occupancies of the two sites were set to 50%. Further, one of the chlorine atoms is additionally disordered over two sites and was refined with 25% occupancy at each site.
Pt2(µ-S){µ-S + CH2(C6H4)B(OH)(O -)}(PPh3)4, 3a
The compound Pt2(µ-S){µ-S + CH2(C6H4)B(OH)(O -)}(PPh3)4, 3a crystallizes as colorless block-like crystals from a chloroform/hexanes solution. There are four molecules of the complex in the unit cell of the primitive, centrosymmetric, monoclinic space group P21/n.
Also present was diffuse, disordered solvent. After several attempts at modeling this electron density it was elected that the solvent contribution to the model be accounted for using the SQUEEZE routine in PLATON. 44 The routine located two voids, of 1182 Å -3 , each contributing 305 electrons to the intensities. These additional factors were omitted from the final model and no interpretation of the solvent content (likely to be less than unitary values for various combinations of solvents present from crystallization) made. The solvent content has not been added to the chemical formula.
The structure of 3a is as expected ( Figure 5 , Table 2 ). The core consists of two Pt atoms each coordinated in a square-planar fashion. The coordination environment about each Pt center is two, cis, triphenylphosphine ligands, a bridging sulfur and the bridging sulfur of the thiolate ligand. There is some disorder present in the borate moiety that has been modeled with one fully occupied oxygen and two partial occupancy oxygen atoms. The boron is modelled with isotropic atomic displacement parameters. It is also slightly disordered, but not well defined in its disorder. Thus a reasonable model could not be obtained.
The 
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Crystallographic data for the structures, 2a·(PF6), 3a described in this paper have been 
